Purpose Cancer is a shared family experience and may provide a "teachable moment" to motivate at-risk family members to adopt cancer prevention and health promotion behaviors. This study explored how a diagnosis of colorectal cancer (CRC) is experienced by family members and may be used to develop a family-based CRC prevention program. Preferences regarding content, timing, and modes of program delivery were examined. Social cognitive theory provided the conceptual framework for the study. Methods This study employed mixed methodology (semistructured interviews and self-report questionnaires). Participants included 73 adults (21 patients, 52 family members) from 23 families (two patients were deceased prior to being interviewed). Most patients (n = 14; 67 %) were interviewed 1-5 years post-diagnosis. Individual interviews were audio-recorded, transcribed, and content analyzed. Results For many, a CRC diagnosis was described as a shared family experience. Family members supported each other's efforts to prevent CRC through screening, exercising, and maintaining a healthy diet. Teachable moments for introducing a family-based program included the time of the patient's initial cancer surgery and post-chemotherapy. Reported willingness to participate in a family-based program was associated with risk perception, self-efficacy, outcome expectancies, and the social/community context in which the program would be embedded. Program preferences included cancer screening, diet/nutrition, weight management, stress reduction, and exercise. Challenges included geographic dispersion, variation in education levels, generational differences, and scheduling. Conclusions CRC patients and family members are receptive to family-based programs. Feasibility concerns, which may be mitigated but not eliminated with technological advances, must be addressed for successful family-based programs.
Introduction
Colorectal cancer (CRC) is the third most common neoplasm and the second leading cause of cancer-related death in the USA [1] . Those who have a first-degree relative (FDR) with CRC are at two to three times higher risk of developing this cancer [2] [3] [4] [5] [6] [7] . For individuals at increased risk, guidelines for the appropriate age to begin screening and subsequent screening intervals vary by the degree of familial risk, and adherence to the guidelines is generally poor [8] . Regular physical activity and maintaining a diet lower in total fat and higher in fiber, fruits, and vegetables can decrease the likelihood of developing an adenoma prior to a first screening exam [9, 10] and reduce CRC risk independent of family history [11, 12] .
Research has examined the effects of cancer on the family system [13] ; however, few studies have examined the effects on family members' cancer prevention behaviors [13] . A cancer diagnosis has a strong emotional impact on the family. Reactions of fear, anxiety, sadness, and existential concerns are common and can be greater for family members than for the patient [13, 14] . Family members may perceive they are at greater risk of developing cancer due to real or perceived shared genetic or environmental risk factors and have heightened awareness about cancer and its prevention [15, 16] . Thus, a cancer diagnosis could inspire behavior change among family members of the cancer patient by increasing awareness, perceptions of vulnerability, and receptivity to cancer prevention behaviors [15, 17] .
Focusing on family-based prevention activities, especially among high-risk families, could provide an efficient approach toward achieving the Healthy People 2020 goal of reducing the CRC death rate by 15 % [18] . The objective of this study was to explore the perspectives of both patients and family members regarding the CRC experience and receptivity to family-based cancer prevention/health promotion programs.
Theoretical framework
Social cognitive theory (SCT) provided the theoretical framework for this study as well as the concept of a teachable moment (TM). There are several unexplored issues related to the cancer family experience that are consistent with these two frameworks. These include the multidimensional constructs of perceived risk of cancer and worry/concern about developing cancer [19] among family members. SCT illuminates how people acquire and maintain certain behavioral patterns, while also providing the basis for intervention strategies [20] . According to SCT, behavior is a dynamic process that is influenced by the individual and the social environment, with behavior change influenced by goals, outcome expectancies, and self-efficacy. SCT has been used to explain the contribution of family to a variety of health behaviors [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . In this study, SCT provides a conceptual framework in which to explore perceived risk and self-efficacy among family members of CRC patients.
A TM refers to life events or transitions that inspire people to enact health behavior change [33] . These events are often related to one's personal health (e.g., receiving a diagnosis) or the health of a family member. The use of the TM concept to promote health behavior change reflects a belief that timing interventions with TMs can enhance receptivity to, and the efficacy of, an intervention. A diagnosis of cancer may therefore serve as a TM [33] [34] [35] for family members, depending upon each family member's subjective interpretation of the significance, cause, and meaning of the event [36] . McBride and Ostroff [16] suggested a conceptualization of this subjective interpretation to include three factors that are important for describing a cancer diagnosis and its related events as TMs for behavior change: (1) the event increases perceptions of personal risk and related expectations of positive or negative outcomes, (2) the event prompts a strong emotional response, and (3) the event redefines self-concept or social role. This study employs this conceptual rationale to explore how a CRC diagnosis influences family members' emotional response, personal risk perception and behavioral response, and receptivity to cancer prevention and health promotion programs.
Method

Sample and recruitment
Patients were identified through the institution's Biobank for Gastrointestinal Health Research (BGHR). The BGHR is an ongoing collection of biospecimens from patients with normal colonoscopic examinations, colon polyps, or CRC from the year 2000 to the present. Approximately 72 % of patients who were invited to participate in the BGHR agreed and provided consent. Inclusion criteria for patients in the present study were as follows: 18 years of age or older, CRC diagnosis, able to provide informed consent, and have at least two living family members who meet criteria for familial risk. Patients with known heritable CRC genetic syndromes or whose health or cognitive status would interfere with participation were excluded. Family members were included if they met the criteria for familial risk, i.e., a CRC diagnosis (any stage) of a FDR before age 60 or diagnosis of two family members at any age, were at least 18 years of age, and provided informed consent. In this study, a family is defined as "a group of intimates with strong emotional bonds (identification, attachment, loyalty, reciprocity, and solidarity), with a history and future as a group, as well as those who are also linked genetically [13] ."
A letter explaining the purpose of the research and inviting participation was mailed or given to a total of 230 CRC patients attending a clinic appointment. Patients who met inclusion criteria, agreed to participate, and were willing to nominate at least two family members for potential recruitment were enrolled. Family members' contact information was collected from the patient. For patients contacted by mail, repeat mailings were sent to non-responders within 3 weeks; the same process was followed for family members.
Data collection
Data were collected via semi-structured, qualitative interviews and a mailed, self-administered questionnaire. The interview guide included open-ended questions and probes designed to explore the CRC diagnosis as a family experience, family communication about CRC, and receptivity and preferences surrounding family-based cancer prevention programs. Interviews were conducted individually in person (n=1) or by telephone (n=72), lasted approximately 1 h, and were audio-recorded and transcribed. Transcriptions were verified against recordings for accuracy and annotated with field notes.
Four participants were selected to review their transcript and verify the interpretation of their data.
The questionnaire assessed preferences regarding program content and design. Questions addressed willingness to talk with family members about participating in a health promotion program ("not at all," "somewhat," or "definitely" willing), specific program interests (yes/no: exercise, weight management, stress reduction, smoking cessation, diet/nutrition, cancer screening, cancer support, caregiver support), preferred method of program delivery (telephone, web/internet, in person, iPod/iPhone application, other), and demographic information.
A total of 105 individuals (42 patients, 63 family members) consented to participate (nearly one half of those who were sent an invitation letter). Of these, four patients ultimately failed to provide family member nominations and were excluded while 15 participants were lost to follow-up in the interval between enrollment and interview. Of the remaining 86 participants, 73 were interviewed (one subsequently declined, and 12 were unable to be scheduled during the study period). The 73 participants reflected 21 patients, 52 family members, and a total of 23 different families (two patients were deceased prior to being interviewed). Eighty two percent (n=60) of those interviewed returned a questionnaire, while nine questionnaires were received from individuals who were not interviewed (these are not included in the present analyses or tables, which focus on the sample of interview respondents). Participants were offered $25 gift cards as remuneration.
Data analysis
Content analysis was assisted by electronic software (NVIVO 9; QSR International, Pty. Ltd.). Initial coding categories, patterns, and themes were established via inductive analysis. As part of this process, each interview was read several times by two individuals to identify preliminary themes that emerged from the data. Items reflecting similar themes were grouped together (converged) into categories reflecting the broad areas of interest: emotional response to a CRC diagnosis, personal risk perception and behavioral response, and family-based cancer prevention programs. New categories and themes were created as they emerged from the data. After establishing themes and categories, confirmatory analysis was deductively established (using the framework provided by SCT) to interpret the data and affirm the authenticity and appropriateness of the inductive content analysis. The presentation of results includes illustrative quotations; each is identified as patient (P) or family member (FM) age in years and male (M) or female (F) participant. Questionnaire data were summarized using SPSS 20 software (IBM); data are presented as frequencies (n) and column percent (%) for the total sample and stratified by type of participant (patient or family member).
Results
Participant characteristics are depicted in Table 1 while family structure and composition are shown in Table 2 . Of the 21 patients, tumor sites included the rectum (n=11, 52 %), right colon (n=6, 29 %), and left colon (n=4, 19 %). Fifty-seven percent (n=12) were stage III at diagnosis, 38 % (n=8) were stage II, and the remainder (n=1) were diagnosed at stage I. Three patients (14 %) were interviewed within the first year of their diagnosis, and a majority were 1-5 years post-diagnosis (n=14, 67 %), while four patients (19 %) were interviewed five or more years post-diagnosis.
Emotional response to a CRC diagnosis
Although 67 % of patients had a family history of CRC, their own diagnosis came as a shock: "I was 49 years old and felt like I had run into a brick wall. I just could not believe it!" (P, 54 years, M); "… even though I had had these colonoscopies for so long, I was completely shocked!" (P, 79 years, F). Many of the participants described their emotional response as a process that moved from shock, fear and denial to acceptance: "… he [patient] was a healthy person… he just ran a marathon just a year ago. Did the… diet book. And yet-you know, nobody's safe… we were just in shock" (FM, 63 years, F). "Well… none of us really has 100 % control, over our lives, and we're all God's children. You may think you have control over your life, but you really don't" (P, 61 years, M).
Personal risk perception and behavioral response
A diagnosis of CRC in the family heightened perceived vulnerability and risk perception for many participants and was a call to action: "It definitely made me more aware of my own risk, and I have seen a doctor in the last week and I got a referral to get a colonoscopy" (FM, 47 years, F). "I don't think I really thought that hard about my own health until, frankly… since mom's diagnosis with colon cancer added to the record of my brothers and also my uncles cropping up as well… This all kind of makes me aware and get this checked out…" (FM, 52 years, M). "The family that scopes together stays together" (FM, 62 years, F).
One participant (a 63-year-old female) recounted how, after a sibling was diagnosed with CRC, her family openly discussed screening and held each other accountable; she described how her brother (a medical doctor) facilitated prevention when the family was gathered together: "Like I said we're always on each other. We talk about colon cancer and, you know, ask when people have the colonoscopies: 'What did you have to drink for your scoping…' For our seating chart for Thanksgiving… we all had our prescriptions for colonoscopies."
Open communication about CRC within families enabled individuals to have informed conversations with their doctors. Consequently, many family members described being screened earlier than "normal people," consistent with recommendations for those at increased risk due to family history. Still, others expressed concern and confusion regarding the "right" age to begin screening: "… I mean, if mom and my brother had it, and his daughter has polyps at 32-so, if she would have waited to 10 years before onset, it would have been 39. Well, she would have had her polyps from 32 to 39. So when are we supposed to go in? We don't know… we're all trying to find out how to keep our kids safe…" (FM, 63 years, F).
While some participants felt they could help avoid CRC through exercise and diet, few family members initiated behavior change together: "I'm trying to exercise more… I'm not doing a real good job of it but… [my daughter] has exercise equipment and she says, 'now mom, Monday mornings and Friday mornings come on over and we both exercise', but of course, things have interfered…" (P, 79 years, F); "I have really tried to strive for eating healthy… after he had his first surgery and when he went in to do the chemo and the radiation because I see what it did to his system and his body…" (FM, 48 years, F).
Some family members expressed that they were aware of their increased risk of CRC, but factors such as joint pain or child care were impediments to staying active to reduce their risk. Others expressed a perceived lack of control over CRC; for these individuals, engaging in healthy behavior was a lower priority: "I largely believe that [I] don't have any control of it" (FM, 66 years, F), and "I have also seen people that are healthy that have gotten cancer and I don't know what elements going on in their life that would have maybe activated it. You know, I think it [physical activity] is a step in the right direction, but I just don't know if it is a lifetime guarantee that you are not going to get cancer" (FM, 48 years, F).
Family-based cancer prevention programs Overall, family-based programs were viewed favorably, provided participation is the choice of individual family members. Participation was believed to be dependent on the internal dynamics of the family, such as whether the family is "close knit." Suggested modes of program delivery varied: "Well, I don't think I would want to drive back and forth to [the clinic] so I think it would be Internet or telephone call" (P, 79 years, F); "… our family would read it [newsletter] . And that way, you could get the information like right in front of you… instead of something with the phone-you don't have anything to look at" (FM, 63 years, F); "… web-based and Facebook page is a good idea for the younger generation especially" (P, 61 years, M). A majority of participants (55/60 or 91 % of those who answered the question) were "somewhat" or "definitely" willing to participate in a health promotion program designed specifically for families with cancer (Table 3) . Less than 5 % of respondents were "not at all willing" to talk to family members about taking part in a health promotion program. Overall, programs that included family members were preferred over individual programs, with "cancer screening" being the most frequently endorsed program topic for both patients and family members (Table 3) . With regard to the most preferred method of delivering a health promotion program, use of the internet/web was endorsed most frequently overall although, for patients, endorsement of internet/web and telephone-based programs was similar, while family members showed a stronger preference for internet/web program delivery. In this sample, only one individual (a family member) indicated the use of a smartphone "app" as the preferred mode of program delivery.
The optimal timing of introducing a family-based prevention program was equivocal. For some, a TM occurred at or near the time of diagnosis or initial surgery, as families were eager for information, highly communicative, and when possible, gathered together: "You [family member] have a lot of time sitting in a waiting room [during surgery] so that would be a great opportunity" (FM, 54 years, M); "If you wait too long [after diagnosis], then they are already gonna have formed opinions about stuff. By then, it might be not so effective… There's a certain point of vulnerability where you gotta do that" (P, 61 years, M). For other families, a TM occurred after treatment: "Well, you know, I don't feel sick now, I feel good because I haven't been getting chemo. So, you know, right now it is okay with me" (P, 79 years, F); "… when mom was all going through it, maybe we were all focused on her, and thinking we wouldn't want to take any time away… Now that that's over, now I think would be a good time" (FM, 63 years, F).
Many participants discussed aligning new programs with existing programs in their communities. For instance, church programs on cancer offered support but would benefit from adding educational aspects. Networking opportunities with other families affected by CRC were also suggested as well as programs through one's place of employment. With regard to program content, patients expressed a desire for specific, tailored information regarding recovering from CRC treatment/surgery and behaviors to prevent recurrence: "We didn't get any advice from anyone on diet, food supplements, anything like that. All we really heard was, you have to eat a balanced diet now… I wanted to know what can I do to help myself and I never really got that. Get rest, take your naps, eat right… I mean I wasn't really sure if I could exercise and was told I could walk, but not to wear myself out too much" (P, 79 years, F). Several participants expressed a need for education and support programs for caregivers: "The caregiver probably [needs] just as much reinforcement as the patient… They give up…. It's a tough position to be in" (P, 61 years, M); "… the colostomy that was no problem, they went over that… But as a caregiver it is just a terrible, terrible time and you just need to talk to somebody" (FM, 70 years, F); "… support groups for caregivers should be a little bit more emphasized" (P, 61 years, M).
The feasibility of family-based programs was explored. Four main challenges were identified, including geographic dispersion, different education levels within families, generational differences (e.g., use of social media), and scheduling conflicts. Geographic dispersion of families emerged as the principal barrier to successful implementation of family-based prevention programs. The use of technology (e.g., videoconferencing) to bridge physical distance failed to eliminate other key challenges such as scheduling sessions for family members living in different time zones and managing the demands of different life stages, as recognized by this 79-year-old patient: "You know how young people are, they are always really, really busy, but I think they would want to participate, and I would hope that they would take the time, that would be the question for them."
Discussion
This study showed that CRC patients and family members are receptive to family-based cancer prevention programs. The interconnectedness of the families represented in this study may be an artifact of selection bias, or it may suggest that a CRC diagnosis can be a unifying force. Most participants, however, articulated concerns regarding the feasibility of participation as a family group. Designing a successful family-based cancer prevention program will require combining the need for individual flexibility with the strength of a family bond to reinforce learning, preventive action, and support. Most family members reported heightened feelings of anxiety in response to a CRC diagnosis occurring within the family, including increased perceptions of risk and vulnerability to CRC and concerns about CRC screening guidelines. This finding is congruent with those of previous studies [13] [14] [15] [16] . Similarly, the findings of this study are consistent with literature outlining the challenges of behavior change irrespective of the motivation for change (i.e., cancer prevention, health promotion), such as disease-related disabilities and busy work schedules [37, 38] . For instance, in this study, even though family members had a heightened awareness of their own risk for CRC and the protective effect of exercise or being physically active, factors such as joint pain and lack of child care inhibited their efforts to stay active.
Several findings from this study align well with the wider literature on cancer prevention and health promotion. For instance, patients and family members in this study suggested a variety of ways in which family-based programs can be delivered given current technology, and yet, many recognized that the feasibility of these methods may differ across families. Previous studies have reported similar preferences for delivering educational intervention programs, including web-based methods, use of text messaging, and video formats [39] ; however, challenges akin to those identified in this study were also noted, such as difficulty navigating websites or using available technology [40, 41] . In addition, patients and family members in this study strongly recommended aligning new programs with existing programs within communities; this is consonant with literature showing that health promotion programs which are developed in collaboration with a community-based organization tend to enjoy high participation rates [42, 43] .
The findings of this study are consistent with principles underlying SCT. Specifically, anticipated participation in a family-based cancer prevention program was viewed as a dynamic process that would be motivated by increased risk perception experienced through the family member's diagnosis, self-efficacy for performing CRC prevention behaviors, outcome expectancies, and the social context (environment) in which the program would be embedded (e.g., church, place of employment). For instance, at-risk family members who perceived they could mitigate risk of CRC through their own behavior reported efforts to exercise and make healthy food choices. In addition, small, specific steps to reduce CRC risk were encouraged in innovative ways such as place cards at a holiday dinner that were prescriptions for colonoscopy. Finally, observational learning was evidenced by older family members talking to younger family members about their own experience with colonoscopy to allay fears. In contrast, those who perceived a CRC diagnosis as outside of their control were less likely to favor lifestyle changes. According to SCT, these individuals have less self-efficacy, negative outcome expectancies, and already experienced a lack of reinforcement, with seemingly "healthy" family members developing cancer. The difference between a diagnosis rousing a family into preventative action vs. complacency (due to factors that behavior cannot change, such as genetics) is worthy of further investigation.
A single, "universal" TM in which to introduce a familybased cancer prevention program could not be identified. For some, a TM occurred when families were gathered at the time of the patient's cancer surgery, while for others, a TM occurred after the patient completed treatment, was well enough to participate him/herself, and required less care. The knowledge that families can identify such a moment is novel and arguably more important than arriving at a single TM that applies to every family. Importantly, data from this study suggest that the time when family members are gathered for a patient's initial surgery may not be too soon to broach the topic.
This study is not without limitations. Our findings are not derived from a representative sample; only 14 % of the patients enrolled had received their CRC diagnosis within the past year; thus, the perspective of newly diagnosed patients is less well represented in the data. Additionally, the 23 families in this study were heterogeneous and not representative of every family structure, and two families lacked the patient perspective (due to death). Similarly, while some patients were fathers (and sons and daughters were interviewed), no patient's father was interviewed. The omission of the perspective of fathers was unintentional and limits our understanding of this influence within the family dynamic. Most of the study participants were white and of European descent; the data may not reflect the perspectives of individuals from diverse racial or ethnic backgrounds. This limitation is important to note because of recognized racial and ethnic disparities in CRC incidence and mortality [1] . Furthermore, family composition, dynamics, and roles are highly culturally influenced. Thus, the development of effective and desired family-based programs that are culturally appropriate and sensitive will require further formative research.
Future work could consider family-based theories, such as family systems theory, as a conceptual framework for collecting and analyzing data collected from family units. Doing so would expand what was learned in this study from SCT and enable a deeper examination of important family dynamics and processes, including the interconnectedness of the family groups/units and their environment. In addition, although this study focused on CRC and assessed many theory-based constructs, subsequent work could assess other factors such as the degree of connection to the family cancer experience, emotional and cognitive involvement, and perceived similarity to the affected person [44] within CRC, and extend this work to other familial cancers. A greater understanding of how these factors relate to risk perception and receptivity to family-based prevention programs would further inform program development and cancer prevention strategies for families.
